INTRODUCTION
============

Benign prostatic hyperplasia (BPH) is one of the most common causes of urinary obstruction, which occurs in 50% to 60% of men aged 60 years or older \[[@B1]\]. Because of the increasing aged population and advancements in diagnostic tools, the incidence and importance of BPH have increased. BPH can be treated with pharmacotherapies and with surgery \[[@B2],[@B3]\]. Transurethral resection of the prostate (TURP) has been recognized as the standard treatment for BPH \[[@B4]\]. Advancements in medical technology have resulted in the availability of a variety of laser therapies for the treatment of BPH, and it will not be long before they replace TURP as the standard treatment \[[@B5]\]. In many studies, holmium: yttrium-aluminium-garnet (YAG) laser enucleation of the prostate (HoLEP) or GreenLight laser photo selective vaporization (PVP) were proved to be safe and effective surgical procedures comparable with TURP. However, the ideal laser must have the effectiveness of the holmium:YAG laser plus the handling and safety properties of the GreenLight laser \[[@B6]\].

The recently developed thulium:YAG (Tm:YAG) laser has been found to be superior to the holmium:YAG laser in spatial beam quality and tissue incision precision and because of its ability to operate in continuous-wave pulsed modes \[[@B7]\]. Another advantage of the thulium laser is that it is based on vaporesection, which allows it to resect small pieces of prostate tissue without morcellation. European and Chinese groups have conducted many studies of Tm:YAG laser prostate surgery \[[@B8]-[@B12]\]. Two comparative studies of Tm:YAG laser vaporesection of the prostate (ThuVaRP) and monopolar TURP have been conducted, but no comparison of ThuVaRP with bipolar TURP has been conducted. In Korea, no study of Tm:YAG laser prostate surgery has been undertaken.

In this study, we assessed the effectiveness and safety of ThuVaRP in comparison with those of bipolar TURP.

MATERIALS AND METHODS
=====================

1. Subjects
-----------

This study was conducted in 86 patients who underwent operations to treat BPH at Daegu Fatima Hospital between January 2010 and December 2012; the patients\' medical records were retrospectively analyzed. All operations were performed by a single surgeon. The subjects were limited to patients who satisfied the following conditions: a maximal urine flow rate (Qmax) of less than 15 mL/s or acute repeated urinary retention and an International Prostate Symptom Score (IPSS) greater than 7. This study excluded patients aged 85 or older, whose prostate weighted 100 g or more (on transrectal ultrasonography \[TRUS\]), whose BPH was accompanied by neurogenic bladder, or who had a history of prostate, bladder neck, or urethral surgery. Of the 86 patients, 43 underwent ThuVaRP and the remaining 43 underwent bipolar TURP.

Before surgery, the participants underwent a medical history, a physical examination, a digital rectal examination, routine laboratory tests, IPSS determination, TRUS, prostate-specific antigen (PSA) measurement, and uroflowmetry with postvoid residual volume (PVR) measurement. IPSS, TRUS, PSA, and uroflowmetry with PVR were reassessed 1 month after surgery for comparison with the preoperative data.

For patients whose PSA values were 4 or greater or who had any other risk factor (e.g., nodule on the digital rectal examination or hypoechoic lesion on TRUS), a prostate biopsy sample was collected before surgery to rule out cancer. The histopathologic analysis of the specimens showed BPH in all cases.

2. Instruments and surgical techniques
--------------------------------------

All operations were performed while patients were in the lithotomy position, most of whom were under spinal anesthesia. General anesthesia was limited to patients who could not receive spinal anesthesia. ThuVaRP was performed with a 70-W continuous-wave Tm:YAG laser (Revolix, LISA Laser Products OHG, Katlenburg-Lindau, Germany) and a 26-French continuous flow resectoscope (Richard Wolf Medical Instruments, Vernon Hills, IL, USA). Saline irrigation was used in all cases. A Tm:YAG laser was delivered through a 550-µm end-firing RigiFib-SU fiber.

At the beginning of the operation, an inverted U-shape incision distal to the resection border was made around the verumontanum. After an additional linear incision was made at 5 and 7 o\'clock, the median lobe was vaporesected. Then, both lateral lobes were also vaporesected until the prostate capsule was identified. During vaporesection, it was important that the prostate tissue was cut into pieces small enough to pass through the resectoscope.

Bipolar TURP was performed in the traditional manner with the use of a bipolar electrical current generator and a wire loop (Gyrus Medical GMBH, Tuttligen, Germany) and a 24-French resectoscope (Karl Storz Endoscope, Tuttlingen, Germany). Saline irrigation was used in all cases. The cutting power and coagulating power were within 160 and 80 W, respectively. After surgery, a 20-French three-way silicone urethral catheter was placed in all patients to maintain continuous saline irrigation until the resolution of hematuria. A biopsy sample from each tissue was collected.

3. Assessments
--------------

An analytical between-group comparison was made of operation time, volume of resected tissue, remaining volume of the prostate (%), postoperative hemoglobin level, period of urethral catheterization (the catheter was removed when hematuria could not be visually observed anymore), days of hospitalization, and preoperative and postoperative data (collected 1 month after surgery) on IPSS, TRUS, serum PSA level, uroflowmetry with PVR, and, by extension, perioperative complications such as bleeding (required blood transfusion), temporary urinary retention (treated with recatheterization), urinary irritative symptoms such as dysuria, and temporary incontinence.

4. Verification
---------------

In this study, the unpaired Student t-test, the paired Student t-test, and the chi-square test were applied to the verification of findings. The unpaired Student t-test was used to verify the homogeneity and difference of continuous variables, the paired Student t-test was used to verify postoperative changes, and the chi-square test was used to verify the difference between groups in postoperative complications. The significance level was defined as a p-value \<0.05.

RESULTS
=======

All 86 patients underwent surgical treatment for symptomatic BPH, and each of the two groups included 43 patients. Prostate volume was somewhat greater in the ThuVaRP than in the TURP group, but the difference was not significant. The other parameters were also similar between groups ([Table 1](#T1){ref-type="table"}). The mean operation time was significantly longer in the ThuVaRP group than in the TURP group (113.6±44.4 minutes compared with 76.7±32.0 minutes, p\<0.001). However, catheterization time (3.5±1.4 days compared with 5.4±1.8 days, p\<0.001) and length of hospital stay (4.6±1.8 days compared with 6.4±1.8 days, p \<0.001) were significantly shorter in the ThuVaRP group ([Table 2](#T2){ref-type="table"}). In the ThuVaRP group, the mean operation time was steadily or slightly greater in patients with a small prostate volume (≤50 g). However, the mean operation time was sharply greater in patients with a large prostate volume (\>50 g) ([Fig. 1](#F1){ref-type="fig"}). In each group, the changes in all parameters were significant 1 month after surgery. In the ThuVaRP group, IPSS declined by 57.2%, the PSA level fell by 82.7%, TRUS volume decreased by 66.7%, Qmax increased by 102.0%, and PVR decreased by 64.2% ([Table 3](#T3){ref-type="table"}). In the TURP group, IPSS declined by 51.6%, the PSA level fell by 65.2%, TRUS volume decreased by 60.9%, Qmax increased by 51.2%, and the PVR decreased by 51.7% ([Table 4](#T4){ref-type="table"}).

In the intergroup analysis, no significant differences between the ThuVaRP and TURP groups, respectively, were found for the changes in IPSS (15.4±9.8 compared with 13.2±4.7, p=0.357), TRUS volume (37.2±16.2 mL compared with 31.1±15.3 mL, p=0.387), and the PVR (85.4±109.4 mL compared with 65.4±58.9 mL, p=0.414). However, the numerical value was slightly higher in the ThuVaRP group. The decrease in PSA was greater in the ThuVaRP group than in the TURP group (4.3±3.6 ng/dL compared with 2.0±1.3 ng/dL, p=0.045). The increase in Qmax was also much greater (8.9±6.3 mL/s compared with 4.1±2.9 mL/s, p\<0.001) in the ThuVaRP group ([Table 5](#T5){ref-type="table"}). Postoperative complications were checked for, such as bleeding requiring transfusion, temporary urinary retention, urinary irritative symptoms such as dysuria, and temporary incontinence. Blood transfusions were given to one patient (2.3%) and two patients (4.7%) in the ThuVaRP and TURP groups, respectively. Temporary urinary retention occurred in six patients (14.0%) and nine patients (20.9%), respectively. All patients improved after Foley catheterization for 3 to 4 days. Dysuria occurred in seven patients (16.3%) and three patients (7.0%) without significant intergroup differences. There was no febrile urinary tract infection and no culture-positive urinary tract infection, respectively. Temporary incontinence occurred in nine patients (20.9%; stress urinary incontinence in five patients, urge incontinence in three patients, and mixed incontinence in one patient) and two patients (4.7%; stress urinary incontinence in all cases), and the intergroup differences were significant; however, this condition changed for the better 4 weeks afterward ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

Currently, a variety of laser therapies are available for prostate surgery to treat BPH and have good results; thus, they are expected to replace TURP (the standard prostate surgery technique for BPH) before long. There have been many studies of PVP and HoLEP, which are widely recognized as substitutes for TURP or open prostatectomy \[[@B13]\]. Both of these procedures have had good results, even in high-risk patients or patients with large prostatic adenomas \[[@B14]-[@B16]\]. In particular, HoLEP is drawing attention as an alternative treatment for bladder outlet obstruction \[[@B9]\]. According to previous studies, HoLEP enables the endoscopic removal of prostatic adenoma regardless of its size and is as effective as open prostatectomy; moreover, it can decrease the severity of complications \[[@B16],[@B17]\]. Despite good clinical results, both of these procedures have limitations. For HoLEP, the steep learning curve and longer operation time seem to be the major drawbacks and limit its widespread clinical application \[[@B18]\]. For PVP, no tissue specimen is provided for histologic evaluation, and the speed of tissue ablation is significantly slower \[[@B19]\].

The recently developed Tm:YAG laser works with a wavelength of 2013 nm, which can be easily absorbed into water, especially interstitial water. Its waves are more continuous than those of other lasers and therefore provide more effective hemostasis. In addition, it provides accurate resection with sufficient vaporization, and the moving laser probe maximizes vaporization but reduces the heat applied to tissue \[[@B10]\].

In 2005, Xia et al. \[[@B20]\] published the initial clinical report on Tm:YAG laser prostate surgery. They performed Tm:YAG laser resection with the prostate-tangerine technique on 30 patients and reported its safety and efficacy. Bach et al. \[[@B10]\] reported 1-y follow-up data on ThuVaRP, which showed a significant improvement in voiding symptoms and patients\' quality of life.

Thus far, two studies have compared the efficacy and safety of ThuVaRP and monopolar TURP \[[@B6],[@B11]\]. Fu et al. \[[@B6]\] compared the results of a prospective nonrandomized trial with 1-year follow-up between 58 patients who underwent ThuVaRP and 42 patients who underwent monopolar TURP. They concluded that ThuVaRP had favorable perioperative safety, had the same therapeutic effect as TURP, and had the advantage of significantly less blood loss, shorter length of hospital stay, and shorter catheter indwelling time compared with monopolar TURP. However, the mean operation time was slightly longer in the ThuVaRP group. Xia et al. \[[@B11]\] performed a prospective randomized trial comparing 52 patients who underwent ThuVaRP with 48 patients who underwent monopolar TURP. They reported that ThuVaRP was significantly superior to TURP in terms of catheterization time, length of hospital stay, and decrease in hemoglobin, although it required an equivalent time to perform. In their report, ThuVaRP was as efficacious as TURP after 1 year of follow-up.

In the current study, ThuVaRP was associated with a shorter catheterization time and a shorter hospital stay compared with TURP. However, unlike the two abovementioned studies, the improvement in Qmax was much greater. We thought that this might have resulted from the greater resection volume with prostate adenoma. Although the resection volume of prostate tissue was smaller with ThuVaRP than with TURP, the decrease in TRUS volume was much greater than that with TURP. Also, the reduction in PSA value, which might be a proxy indicator of prostate tissue removal, is much greater with ThuVaRP. The strong vaporization ability of the thulium laser might have contributed to this result.

The results for ThuVaRP were equivalent or superior to those for TURP in the short term. However, the operation time was longer with ThuVaRP than with TURP, for two possible reasons. First, TURP has been the standard surgery used to treat BPH, and surgeons have become experienced with this procedure. In contrast, ThuVaRP is a newer procedure and, although the technique is similar to that of TURP and is easy to learn, surgeons need to overcome the learning curve. Second, as the prostate volume increased, the operation time increased much more than the increase in prostate volume. Thus, ThuVaRP is a more suitable surgical technique for relatively smaller prostates \[[@B10],[@B11]\].

Postoperative complications such as bleeding requiring transfusion, temporary urinary retention, and dysuria were not significantly different between the treatment groups. However, temporary incontinence occurred more frequently in the ThuVaRP group (nine patients) than in the TURP group (two patients), possibly because of technical problems associated with the manipulation of the resectoscope and laser fiber around the external urethral sphincter area, because two previous comparative studies reported no difference in temporary incontinence \[[@B6],[@B11]\].

ThuVaRP met functional outcome and safety expectations; however, it did not meet efficacy expectations in patients with a large prostate because of the prolonged operation time in this group. This could be interpreted as a potential disadvantage of Tm:YAG laser prostatectomy compared with the previously introduced HoLEP. Bach et al. \[[@B12]\] introduced the technique of Tm:YAG laser vapoenucleation of the prostate (ThuVEP) to identify the efficacy of Tm:YAG laser prostatectomy in patients with a larger prostate. They concluded that the functional outcome of ThuVEP was comparable with that of HoLEP. Also, there was no limitation in prostate size. Herrmann et al. \[[@B21]\] published a modified ThuVEP technique, i.e., blunt enucleation of prostate adenoma with laser support. They called this technique Tm:YAG laser enucleation of the prostate (ThuLEP). As the number of institutes equipped with Tm:YAG lasers has increased, more studies of Tm:YAG laser surgery for BPH have been investigated. The results are promising, but more long-term data and well-designed comparative studies with TURP and other laser technique are needed.

The limitations of this study were its nonrandomized design and its short follow-up period. More cases and long-term data are needed to clarify the usefulness of ThuVaRP. We believe that ThuVaRP is a promising technique for the effective surgical management of BPH.

CONCLUSIONS
===========

ThuVaRP, a new laser therapy, has shown results equivalent or superior to those of TURP in terms of effectiveness and safety. Although further well-designed comparative studies and long-term data are needed, we suggest that ThuVaRP can be an alternative to TURP for the surgical management of BPH.
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###### 

Baseline characteristics
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Values are presented as mean±standard deviation.

ThuVaRP, thulium laser vaporesection of the prostate; TURP, transurethral resection of the prostate; IPSS, International Prostate Symptom Score; TRUS, transrectal ultrasound; vol., volume; PSA, prostate-specific antigen; Qmax, maximum flow rate; PVR, postvoid residual.

###### 

Perioperative data
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Values are presented as mean±standard deviation.

ThuVaRP, thulium laser vaporesection of the prostate; TURP, transurethral resection of the prostate.

###### 

Changes in clinical parameters after ThuVaRP
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Values are presented as mean±standard deviation.

ThuVaRP, thulium laser vaporesection of the prostate; IPSS, International Prostate Symptom Score; TRUS, transrectal ultrasound; vol., volume; PSA, prostate-specfic antigen; Qmax, maximum flow rate; PVR, postvoid residual.

###### 

Changes in clinical parameters after TURP
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Values are presented as mean±standard deviation.

TURP, transurethral resection of the prostate; IPSS, International Prostate Symptom Score; TRUS, transrectal ultrasound; vol., volume; PSA, prostate-specfic antigen; Qmax, maximum flow rate; PVR, postvoid residual.

###### 

Comparison of perioperative data between ThuVaRP and TURP
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Values are presented as mean±standard deviation.

ThuVaRP, thulium laser vaporesection of the prostate; TURP, transurethral resection of the prostate; IPSS, International Prostate Symptom Score; TRUS, transrectal ultrasound; vol., volume; PSA, prostate-specfic antigen; Qmax, maximum flow rate; PVR, postvoid residual.

###### 

Postoperative complications
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Values are presented as no. of cases (%).

ThuVaRP, thulium laser vaporesection of the prostate; TURP, transurethral resection of the prostate.
